THIS PAGE IS INSERTED BY OIPE SCANNING 
AND IS NOT PART OF THE OFFICIAL RECORD 



Best Available Images 



Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS ^ 
TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 

BLURRY OR ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 

COLORED PHOTOS HAVE BEEN RENDERED INTO BLACK AND WHITE 
VERY DARK BLACK AND WHITE PHOTOS 
UNDECIPHERABLE GRAY SCALE DOCUMENTS 



IMAGES ARE THE BEST AVAILABLE 
COPY. AS RESCANNING WILL NOT 
CORRECT IMAGES, PLEASE DO NOT 
REPORT THE IMAGES TO THE 
PROBLEM IMAGE BOX. 




WORLD INTELLECTUAL PROPERTY ORGANIZATION 

International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 

D06M 



A2 



(11) International Publication Number: WO 99/49124 

(43) International Publication Date: 30 September 1999 (30.09.99) 



(21) International Application Number: 

(22) International Filing Date: 



PCT/US99/06395 



23 March 1999 (23.03.99) 



(30) Priority Data: 

60/080,185 
60/093,820 
60/093,911 
60/105,890 
60/117,641 



24 March 1998 (24.03.98) US 

23 July 1998 (23.07.98) US 

23 July 1998 (23.07.98) US 

27 October 1 998 (27. 1 0.98) US 

28 January 1 999 (28 .0 1 .99) US 



(71) Applicant (for all designated States except US): AVANT- 

GARB, LLC [US/US]; Suite B, 5764 Shellmound Street, 
Emeryville, CA 94608 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): SOANE, David, S. 
[US/US]; 109 King Avenue, Piedmont, CA 94610 (US). 
OFFORD, David, A. [US/US]; 4267 Mabel Avenue, Castro 
Valley, CA 94546 (US). 

(74) Agents: JOHNSTON, Madeline, I. et ah; Morrison & Foerster 
LLP, 755 Page Mill Road, Palo Alto, CA 94304-1018 (US). 



(81) Designated States: AE, AL, AM, AT, AU, AZ, BA, BB, BG, 
BR, BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, 
GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, 
KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, 
MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, 
SK, SL, TJ, TM, TR, TT, UA, UG, US, UZ, VN, YU, ZA, 
ZW, ARIPO patent (GH, GM, KE, LS, MW, SD, SL, SZ, 
UG, ZW), Eurasian patent (AM, AZ, BY, KG, KZ, MD, 
RU, TJ, TM), European patent (AT, BE, CH, CY, DE, DK, 
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI 
patent (BF, BJ, CF, CG, CI, CM, GA, GN, GW, ML, MR, 
NE, SN, TD, TG). 



Published 

Without international search report and to be republished 
upon receipt of that report. 



(54) Title: MODIFIED TEXTILE AND OTHER MATERIALS AND METHODS FOR THEIR PREPARATION 



(57) Abstract 



Provided are compounds and methods for modifying a material to change properties of the material, as well as a variety of products 
obtained using the methods. The material which is modified may be, for example, a carbohydrate, and the modifiable functional groups on 
the material may be hydroxyls. Multifunctional molecules for use in modifying the surfaces of materials such as textile fibers, yams and 
other fabrics made of or, including cotton, wool and nylon, are provided. TTie multifunctional molecules can include hydrophobic regions 
and/or hydrophilic regions. The multifunctional molecules also may include binding functional groups that permit either non-covalent or 
covalent binding to the material being modified, thus permitting the multifunctional molecule to form a non-covalent or covalent coating 
on the material. The methods and compounds disclosed herein may be used to modify materials to improve properties such as resistance, 
grease repellency, soil resistance, permanent press properties, and quickness of drying. 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


Cote d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


U 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 99/49124 



PCT/US99/06395 



MODIFIED TEXTILE AND OTHER MATERIALS AND 
METHODS FOR THEIR PREPARATION 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application claims the benefit of U.S. Provisional Patent Applications Serial 
No. 60/080,185, filed March 24, 1998; Serial No. 60/093,820, filed July 23, 1998; Serial 
No. 60/093,91 1, filed July 23, 1998; Serial No. 60/105,890, filed October 27, 1998; and 
Serial No. 60/1 1 7,641 , filed January 28, 1999, the disclosures of which are incorporated 
herein by reference in their entirety. 

TECHNICAL FIELD 

This invention relates generally to methods for the modification of textile and other 
materials, for example by the attachment of hydrophobic moieties, to impart properties 
thereon such as water repellency and permanent press. 

BACKGROUND ART 

Most chemical research in the textile field was conducted in the 1950s, 60s, and 
70s. This work has been extensively reviewed. For example, see: Smith and Block, 
Textiles in Perspective, Prentice-Hall, Englewood Cliffs, NJ, 1982; Handbook of Fiber 
Science and Technology, Marcel Dekker, New York, NY, Vols. Mil, 1984; S. Adanur, 
Wellington Sears Handbook of Industrial Textiles, Technomic Publishing Company, Inc., 
Lancaster, PA, 1995; and Philip E. Slade, Handbook of Fiber Finish Technology, Marcel 
Dekker, New York, 1998). A large majority of this published research was never 
commercialized due to inhibitory costs or the impracticality of integration into textile 
production processes. There has been less research in this area in recent years. Most 
current work is centered on optimizing existing technology to reduce costs and comply 
with recent government regulations. 

Methods have been developed in the art for making textile materials water repellent. 
The terms "water repellent" and "waterproof are distinguishable as related to textiles. 
Water repellent fabrics generally have open pores and are permeable to air and water vapor. 

1 
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Waterproofing involves filling the pores in the fabric with a substance impermeable to 
water, and usually to air as well. For the purpose of everyday clothing, water repellent 
fabric is preferable because of the comfort afforded by the breathability of the clothing. 

Current commercial processes for producing water repellent fabrics are based on 
laminating processes (C.J. Painter, Journal of Coated Fabrics, 26:107-130 (1996)) and 
polysiloxane coatings (Philip E. Slade, Handbook of Fiber Science and Technology, Marcel 
Dekker, New York, NY, Vol. II, 1984, pp. 168-171). The laminating process involves 
adhering a layer of polymeric material, such as Teflon®, that has been stretched to produce 
micropores, to a fabric. Though this process produces durable, water repellent films, it 
suffers from many disadvantages. The application of these laminants requires special 
equipment and therefore cannot be applied using existing textile processes. Production of 
the film is costly and garments with this modification are significantly more expensive than 
their unmodified counterparts. The colors and shades of this clothing can be limited by the 
coating laminate film color or reflectance. Finally, clothing made from this material tends 
to be heavier and stiffer than the untreated fabric. This material also can be 
disadvantageous due to mismatched expansion and shrinkage properties of the laminate. 
Polysiloxane films suffer from low durability to laundering which tends to swell the fabric 
and rupture the silicone film. 

Methods of imparting hydrophobic character to cotton fabric have been developed 
including the use of hydrophobic polymer films and the attachment of hydrophobic 
monomers via physi- or chemisorptive processes. Repellents used based on monomeric 
hydrocarbon hydrophobes include aluminum and zirconium soaps, waxes and waxlike 
substances, metal complexes, pyridinium compounds, methylol compounds, and other fiber 
reactive water repellents. 

One of the earliest water repellents was made by non-covalently applying water 
soluble soap to fiber and precipitating it with an aluminum salt. J. Text. Res. 42:691 
(1951). However, these coatings dissolve in alkaline detergent solution, therefore 
washfastness is poor. Zirconium soaps are less soluble in detergent solutions (Molliet, 
Waterproofing and Water-Repellency, Elsevier Publ. Co., Amsterdam, 1963, p. 188); 
however, due to the non-covalent attachment to the fabric, abrasion resistance and wash 
fastness are poor. Fabric also has been made water repellent by coating it with a 
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hydrophobic substance, such as paraffin. Text. Inst. Ind. 4:255 (1966). Paraffin emulsions 
for coating fabrics are available, for example, Freepel® (BF Goodrich Textile Chemicals 
Inc., Charlotte, NC). Waxes are not stable to laundering or dry cleaning. Durability is poor 
due to non-covalent coating of the fabric and breathability is low. 

Quilon chrome complexes polymerize to form -Cr-O-Cr- linkages (R.J. Pavlin, 
Tappi, 36:107 (1953)). Simultaneously, the complex forms covalent bonds with the surface 
of fibers to produce a water repellent semi-durable coating. Quilon solutions require acidic 
conditions to react thus causing degradation of the fiber through cellulose hydrolysis. 
Fabric colors are limited by the blue-green coloration imparted by the complex. 

Pyridinium-type water repellents have been reviewed by Harding (Harding, J Text. 
Res., 42:691 (1951)). For example, an alkyl quaternary ammonium compound is reacted 
with cellulose at elevated temperatures to form a durable water-repellent finish on cotton 
(British Patent No. 466,817). It was later found that the reaction was restricted to the 
surface of the fibers (Schuglen et al., Text. Res. 7., 22:424 (1962)) and the high cure 
temperature weakened the fabric. Pyridine liberated during the reaction has an unpleasant 
odor and the fabric had to be scoured after the cure. The toxicological properties of 
pyridine ended its use in the 1970s when government regulations on such substances 
increased. 

Methylol chemistry has been extensively commercialized in the crosslinking of 
cellulose for durable press fabrics. N-methylol compounds are prepared by reaction of an 
amine or amide with formaldehyde. Alkyl-N-methylol compounds can be reacted at 
elevated temperatures in the presence of an acidic catalyst with the hydroxyl groups of 
cellulose to impart durable hydrophobic qualities to cotton. British Patent Nos. 463,300 
(1937) and 679,81 1 (1952). The reaction with cellulose is accompanied by formation of 
non-covalently linked (/.<?., non-durable) resinous material, thus decreasing efficiency. In 
addition, the high temperature and acid catalyst reduces the strength of the fabric. 
Recently, the commercial use of methylol compounds has been decreasing due to concerns 
of toxic formaldehyde release from fabrics treated in such a manner. 

Long-chain isocyanates have been used to hydrophobically modify cotton. British 
Patent No. 461,179 (1937); Hamalainen, et al.,Am. Dyest. Rep, 43:453 (1954); and British 
Patent No. 474,403 ( 1 937)). The high toxicity of isocyanates and significant side reactions 
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with water, however, precluded it from commercial use. To circumvent the water 
sensitivity of isocyanates, alkyl isocyanates were reacted with ethylenimine to yield the less 
reactive aziridinyl compound which was subsequently reacted with cellulose. German 
Patent No. 731,667 (1943); and British Patent No. 795,380 (1958). Though the toxicity of 
the aziridinyl compound was reduced compared to the isocyanate, the procedure still 
required the handling of toxic isocyanate precursors. Also, the high cure temperature 
weakened the cellulose and crosslinkers were needed to increase structural stability. Alkyl 
epoxides have been reacted with cellulose under acidic or basic conditions to produce water 
repellent cotton. German Patent No. 874,289 (1953). Epoxides are, in general however, 
not very reactive and require long reaction times at high temperatures and therefore have 
not been extensively commercialized. 

Acylation of cotton with isopropenyl stearate from an acidic solution of benzene 
and curing was used to produce a hydrophobic coating for cotton. U.S. Patent No. 
4,1 52, 1 1 5. The high cure temperature and acid catalyst however weakens the cotton. This 
method disadvantageous^ uses carcinogenic and flammable solvents. The practicality of 
using flammable solvents in fabric finishings is limited. Alkyl vinyl sulfones have been 
reacted with cellulose in the presence of alkali to form a water repellent finish. U.S. Patent 
No. 2,670,265. However, this method has not been commercialized because the alkali is 
not compatible with cross-linking reactants required for permanent press treatments. 

Methods have been developed for imparting grease repellent properties to materials 
such as cotton. Perfluoroalkanoic acids have been applied in a variety of ways including as 
chromium complexes and as quaternary amines. U.S. Patent No. 2,662,835; Phillips et al, 
Text. Res. J., 27:369 (1957); Tripp et al. t Text. Res. J., 27:340 (1957); and Segal etal, 
Text. Res. J., 28:233 (1958). Since these finishes are non-covalently linked to the fabric, 
they are not durable to laundering. Attempts were made to covalently link fluorocarbons to 
cotton with perfluorinated acid chlorides in the presence of the base pyridine and 
dimethylformamide solvent (Benerito et a/., Text Res. J., 30:393-399 (I960)), however 
significant problems were encountered. The pyridine base formed an insoluble complex 
with the acid chloride that could only be overcome with the addition of large excesses of 
pyridine or the solvent dimethylformamide. Also, the finish was readily subject to 
hydrolysis and not durable to laundering. Repellent finishes made by reaction of glycidyl 
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ethers of 1,1-dihydrofluoroalkanols with cellulose (Berni et al, Text. Res. J., 30:576-586 
(I960)) produced a more durable finish, but required a reaction time of 30 h at 100°C and 
were not extensively commercialized. Interest in monomeric fluorocarbon finishes has 
been superseded by the use of fluorinated polymer films. 

Methods also have been developed for modifying cotton by crosslinking in order to 
impart permanent press properties to the material. These methods have been reviewed in: 
R.M. Rowell and R.A. Young, Eds., Modified Cellulosics, Academic Press, New York, 
1978; M. Levin and S. Sello, Eds., Handbook of Fiber Science and Technology, Vol. 2, 
Part A, Marcel Dekker, New York, 1984, pp. 1-318; and G. Hermanson, Bioconjugate 
Techniques, Academic Press, San Diego, CA, 1996, pp. 169-297. The covalent crosslinks 
prevent the cellulose chains from slipping, thus imparting high durable press 
characteristics. However, the short and stiff crosslinks cause the cotton structure to 
become brittle and display poor tear strength. A variety of textile resins have been 
developed to crosslink cellulose and impart durable-press properties, such as polymethylol 
compounds formed by the reaction of aldehydes with amines. They include 
melamineformaldehyde (British Patent Nos. 458,877, 466,015 and 468,677), 
dimethylolethyleneurea (U.S. Patent Nos. 2,416,046, 2,416,057, 2,425,627, 2,436,31 1, 
2,373,136, and 2,899,263; and British Patent Nos. 603,160 and 577,735), and 
urons/triazones (U.S. Patent Nos. 2,373,135; and 2,321,989; British Patent Nos. 575,260 
and 845,468; German Patent No. 1,123,334; Angew. Chem., 60:267 (1948); Am. Dyest. 
Rep., 48:44 (1959); and Tex. Res J., 29:170 (1959). 

Dimethyloldihydroxyethyleneurea (DMDHEU) has been used in the production of 
durable-press garments. Text. Res. J., 51:601 (1981). However, the DMDHEU system 
retains chlorine and causes yellowing and tendering of the cloth; therefore it is not suitable 
for use with white cloth. Resins have been developed specifically for use with white cloth 
that are esters of carbamic acid (carbamates). U.S. Patent Nos. 3,639,455, and 4,156,784; 
Japanese Patent No. 599,505; British Patent Nos. 1,227,366, and 1,523,308; and French 
Patent Nos. 1 ,576,067 and 7,532,092. The crosslinking of the cellulose and 
polymerization of the resin generally occurs at the same time on the fabric. U.S. Patent 
Nos. 5,447,537, 4,975,209, 4,936,865, 4,820,307, and 3,995,998. 
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Methods for modifying materials with reactive groups such as hydroxyls and 
amines have been developed in the art, however, materials with hydroxyl groups, including 
polysaccharides such as cellulose, have been found to be difficult to covalently modify and 
therefore require reactive modifiers or extreme conditions. Methods of reacting with 
. hydroxyls that have been developed in the chemistry field include the use of acid chlorides, 
anhydrides, succinimides, and carbonyldiimidazole. See, e.g., J. March, "Advanced 
Organic Chemistry-Reactions, Mechanisms and Structure,", 3rd Ed., John Wiley and Sons, 
New York, 1995; and G. Hermanson, "Bioconjugate Techniques," Academic Press, Inc., 
San Diego, 1996. 

There is a need for methods for modifying various substrate materials, such as 
textile fibers of cotton or other cellulosic materials, wool, silk and other proteinaceous 
fibers, and various other natural, man made, regenerated and synthetic fiber materials to 
alter and optimize their properties for use in different applications. There is a need for 
methods for improving the properties of cloth or fabric materials containing various 
natural, man made, regenerated and/or synthetic fibers of various types, in order to improve 
various performance properties such as water resistance, soil resistance, speed of drying 
and permanent press properties. There further is a need for methods for producing 
modified textile fiber materials and other substrates which may be used in a wide range of 
applications including clothing and apparel fabrics, and various items of appareh socks and 
hosiery, and fabrics for footwear and comfort and shoes, home furnishing fabrics for 
upholstery and window treatments including curtains and draperies, and fabrics for outdoor 
furniture and equipment, as well as for industrial textile end uses. 
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DISCLOSURE OF THE INVENTION 

Provided are methods of modifying various substrate materials to alter the 
properties of the materials. Also provided are a variety of materials produced by the 
methods disclosed herein. In particular, compositions and methods are provided that 
permit the modification of a variety of textile fiber materials and similar substrates to alter 
properties including water repellency, grease repellency, soil resistance, oil or grease 
resistance, permanent press, detergent free washing, increased speed of drying, and 
improving strength and abrasion resistance, and to improve comfort, where such fibers are 
used alone, or in combinations or blends with one or more of the others before or after 
treatment. 

In one embodiment, provided are methods of modifying a material to increase its 
hydrophobicity as well as a variety of products obtained using the methods. The material 
which is modified may comprise, for example, a carbohydrate or protein, and the 
modifiable functional groups on the material may comprise hydroxyls, or amino acid side 
chains. 

In one embodiment, a method of modifying a textile material, for example, a 
cellulosic, such as cotton, or regenerated or man made cellulosic, or a synthetic polyamide 
such as nylon, or a natural polyamide, such as wool or a regenerated protein, is provided, 
the method comprising attaching a multifunctional polymer to the material, wherein the 
multifunctional polymer comprises hydrophobic groups and hydrophilic groups. The 
multifunctional polymer may be attached to the material noncovalently via noncovalent 
interactions between the polymer and the material. The multifunctional polymer may 
comprise reactive groups, and thus may be attached to the material covalently by reaction 
of reactive groups on the polymer with reactive groups on the material. Reactive groups 
include amine, hydroxyl, carboxyl, amide, beta-ketoester, aldehyde, anhydride, acyl 
chloride, carboxylic acid hydrazide, oxirane, isocyanate, and methylolamide groups. The 
textile material may comprise, e.g., a hydrophobic or hydrophilic surface. 

The multifunctional polymer may be a copolymer comprising hydrophobic and 
hydrophilic regions. The multifunctional polymer may be formed, for example, by 
polymerization of hydrophobic monomers and hydrophilic monomers. In one embodiment, 
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the multifunctional polymer is a polysaccharide modified by the covalent attachment of a 
molecule comprising hydrophobic groups, or a poly(amino acid) modified by the covalent 
attachment of a molecule comprising hydrophobic groups. The multifunctional polymer 
may comprises a comb or graft copolymer, for example, with a hydrophobic synthetic 
polymer backbone and hydrophilic groups grafted thereto. For example, the synthetic 
polymer backbone may comprise a polymer such as a polyester, polypropylene, 
polyethylene or copolymer thereof, and the grafted hydrophilic groups may comprise 
polypeptide or polysaccharide moieties. 

A variety of multifunctional polymers are provided. The multifunctional polymer 
may comprise a hydrophilic polymer comprising a plurality of reactive groups. In another 
embodiment, the multifunctional polymer may comprise polymerized monomers, such as 
2-(acetoacetoxy)ethyl methacrylate, N-acroyloxysuccinimide, acrolein, acrylic anhydride, 
allylsuccinic anhydride, citraconic anhydride, 4,4'-hexafluoro-iso-propylidenebisphthalic 
anhydride, methacrylic anhydride, 4-methacryloxyethyl trimellitic anhydride, acryloyl 
chloride, methacryloyl chloride, adipic acid dihydrazide, allyl glycidyl ether, glycidyl 
aery late, glycidyl methacrylate, a,a-dimethyl-3-isopropenylenzyl isocyanate, N- 
methylolacrylamide, and N-methylolmethacrylamide. 

The multifunctional polymer may comprise a polymer such as a polyacetal, 
polyacrolein, poly(methyl isopropenyl ketone), polyvinyl methyl ketone), polyethylene 
glycol) modified to comprise aldehyde groups, polyethylene glycol) modified to comprise 
carbonyldiimidazole groups, poly(acrylic anhydride), poly(alkalene oxide/maleic 
anhydride) copolymers, poly(azelaic anhydride), poly(butadiene/maleic anhydride) 
copolymers, po!y(ethylene/maleic anhydride) copolymers, poly(maleic anhydride), 
poly(maleic anhydride/ 1 -octadecene) copolymers, poly (vinyl methyl ether/maleic 
anhydride) copolymers, poly(styrene/maleic anhydride) copolymers, poly(acrylolyl 
chloride), poly(methacryloyl chloride), chlorinated polydimethylsiloxane chlorinated 
polyethylene, chlorinated polyisoprene, chlorinated polypropylene, chlorinated polyvinyl 
chloride), poly(ethylene glycol) modified to comprise epoxides, poly(ethylene glycol) 
modified to comprise isocyanate groups, poly(glycidyl methacrylate), poly(acrylic 
hydrazide/methyl acrylate) copolymers, succinimidyl ester polymers, poly(ethylene glycol) 
modified to comprise succinimidyl ester groups, poly(ethylene glycol) modified to 
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comprise tresylate groups, and poly(ethylene glycol) modified to comprise vinyl sulfone 
groups. 

In one embodiment, a method of modifying a material is provided, the method 
comprising attaching a multifunctional polymer to the material, wherein the multifunctional 
5 polymer is capable of non-covalently or covalently binding the material, and wherein the 

multifunctional polymer is a modified poly(maleic anhydride) polymer. The 
multifunctional polymer may be attached to the material covalently via a reaction between 
functional groups on the polymer and the material, or noncovalently via noncovalent 
interactions between the polymer and the material. 

10 The modified poly(maleic anhydride) polymer may comprise a poly(maleic 

anhydride) polymer modified by the covalent attachment of a hydrophobic molecule. In 
one embodiment, the modified poly(maleic anhydride) polymer comprises anhydride 
groups, and the polymer comprises hydroxyl or amino groups, and the polymer is attached 
to the material via the formation of ester or amide bonds between the polymer and the 

15 material. 

The modified poly(maleic anhydride) polymer may be formed by the reaction of a 
poly(maleic anhydride) polymer comprising carboxy or anhydride groups with a 
hydrophobic molecule comprising a hydroxyl or amine group, thereby to attach the 
hydrophobic molecule to the poly(maIeic anhydride) polymer via an ester or amide bond. 

20 The hydrophobic molecule may have, for example, the formula R-X, where R is a C8-24 

hydrocarbon or fluorocarbon, and X is OH or NH2. 

In one embodiment, the modified poly(maleic anhydride) is a copolymer of maleic 
anhydride and a polymerizable molecule, e.g., vinyl, acrylate, methacrylate, styrene, 
alkyne, glycidyl acrylate, glycidyl methacrylate, vinyl ether (allyl), acrylamide and 

25 methacrylamide, comprising a hydrophobic group, for example, a hydroalkylalkene or a 

fluoralkyl alkene. The modified poly(maleic anhydride) polymer may be formed by 
copolymerization of maleic anhydride and an alkene comprising a hydrophobic group, 
optionally followed by hydrolysis of anhydrides on the resulting polymer to form free 
carboxyl groups on the modified polymer. In another embodiment, the modified 

30 poly(maleic anhydride) polymer is a poly(maleic anhydride) polymer comprising 

covalently attached polyamide groups, such as nylon, wool or silk groups. In another 
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embodiment, the modified poly(maleic anhydride) polymer comprises a poly(maleic 
anhydride) polymer comprising covalently attached polysaccharide groups, such as 
dextran, starch or cellulose groups. 

Also provided is a method of modifying a textile material, the method comprising 
attaching an upper critical solution temperature polymer to the material. The 
multifunctional polymer may be attached to the material noncovalently via noncovalent 
interactions between the polymer and the material, or the polymer may comprise reactive 
groups, and the polymer may be attached to the material covalently by reaction of reactive 
groups on the polymer with reactive groups on the material. Exemplary polymers include 
polyethylene oxide), alkylpoly(ethylene oxide), polypropylene oxide), polyvinyl methyl 
ether), hydroxypropyl acrylate, hydroxypropyl methylcellulose, hydroxypropyl cellulose, 
hydroxyethyl cellulose, methylcellulose, poly (vinyl alcohol), poly (N-substituted 
acrylamides), poly (N-acryloyl pyrrolidine), poly (N-acryloyl piperidine), poly (acryloyl-L- 
amino acid esters), poly(ethyl oxazoline), poly (methacrylic acid), and copolymers and 
triblock polymers thereof. 

The methods disclosed herein may be used to modify various substrate materials, 
such as textile fibers of cotton or other cellulosic materials, wool, silk and other 
proteinaceous fibers, and various other natural, regenerated and synthetic fiber materials to 
alter and optimize their properties for use in different applications. Materials containing 
various natural, man made and/or synthetic fibers in the form of yarn, cloth or fabric of 
various types may be modified, in order to improve various performance properties such as 
water resistance, soil resistance, oil or grease resistance, speed of drying and such 
permanent press properties as smoothness or wrinkle resistance, and "wash and wear". 

Materials comprising cellulose may be modified and are described by way of 
example. A variety of other materials, such as leather, other polysaccharides or 
polyamines, also may be modified, for example, to improve their hydrophobicity by the 
covalent attachment of hydrophobic groups. Cellulose containing materials which may be 
modified include cotton materials and various types of regenerated cellulose, such as rayon, 
including viscose rayon and lyocell and other natural celluloses such as linen, ramie and the 
like, in fiber, yam or fabric form, which may be either undyed or dyed prior to the 
modification. Hydrophobic cellulosic material can be modified with attached hydrophobic 
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groups to improve properties of the cellulosic substrate such as water resistance and 
permanent press properties. Proteinaceous fibers including silk, wool, camel's hair, alpaca 
and other animal hairs and furs and regenerated protein fibers may be modified, as well as 
synthetic fibers including polyamides, such as nylon 6 and 66, various polyesters including 
polyethylene glycol terephthalate and derivatives thereof, and polytrimethylene 
terephthalate and other synthetic fibers. Various ones of these types of fibers also can be 
blended with one or more of the others, before or after treatment, e.g., cotton and/or rayon 
and polyester, or wool and polyester, together, or with silk, linen or rayon added. The 
modified materials obtained as disclosed herein may be used in a variety of applications, 
such as the fabrication of clothing and various items of wearing apparel, socks, hosiery, 
footwear, and shoes, home furnishing fabrics including upholstery and window treatments 
including curtains and draperies, and fabrics for outdoor furniture and equipment, as well 
as for other industrial textile end uses. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a material comprising surface poly(amino acids) or cellulose 
modified by the non-covalent attachment of a hydrophobically modified hydrophilic 
polymer, such as a carbohydrate, a protein, polyacrylic acid, or poly(maleic anhydride). 

Figure 2 is a scheme showing the covalent attachment of hydro and/or fluoro alkyl 
groups to a poly(maleic anhydride) polymer followed by covalent attachment of the 
polymer to a cotton surface. 

Figure 3 is a scheme showing the copolymerization of maleic anhydride and hydro 
and/or fluoro vinyl alkyls to form a copolymer followed by covalent attachment of the 
copolymer to a cotton surface. 

Figure 4 is a scheme showing the covalent attachment of hydro and/or fluoro alkyl 
groups to a poly(maleic anhydride) polymer followed by non-covalent attachment of the 
polymer to a cotton surface. 

Figure 5 is a scheme showing the copolymerization of maleic anhydride and hydro 
and/or fluoro vinyl alkyls to form a copolymer followed by non-covalent attachment of the 
copolymer to a cotton surface. 
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Figure 6 is a scheme showing the covalent attachment of hydro and/or fluoro vinyl 
alkyl groups to a poly(maleic anhydride) polymer followed by covalent attachment of the 
polymer to a wool surface. 

Figure 7 is a scheme showing the copolymerization of maleic anhydride and hydro 
and/or fluoro vinyl alkyls to form a copolymer followed by covalent attachment of the 
copolymer to a wool surface. 

Figure 8 is a scheme showing the covalent attachment of hydro and/or fluoro vinyl 
alkyl groups to a poly(maleic anhydride) polymer followed by non-covalent attachment of 
the polymer to a wool surface. 

Figure 9 is a scheme showing the copolymerization of maleic anhydride and hydro 
and/or fluoro vinyl alkyls to form a copolymer followed by non-covalent attachment of the 
copolymer to a wool surface. 

Figure 1 0 is a scheme showing the grafting of a crystallizable moiety, such as a 
hydrocarbon polymer, to a poly(maleic anhydride) polymer followed by covalent 
attachment of the polymer to a cotton or wool surface. 

Figure 1 1 is a scheme showing the copolymerization of maleic anhydride and a 
polymerizable compound comprising a crystallizable moiety to form a copolymer followed 
by covalent attachment of the copolymer to a cotton or wool surface. 

Figure 12 is a scheme showing the grafting of a crystallizable moiety, such as a 
hydrocarbon polymer, to a poly(maleic anhydride) polymer followed by non-covalent 
attachment of the polymer to a cotton or wool surface. 

Figure 13 is a scheme showing the copolymerization of maleic anhydride and a 
polymerizable compound comprising a crystallizable moiety to form a copolymer followed 
by non-covalent attachment of the copolymer to a cotton or wool surface. 

Figure 14 is a scheme showing the reaction of a poly (maleic anhydride) polymer 
with the amine ends of nylon followed by the covalent attachment of the polymer to a 
cotton surface. 

Figure 1 5 is a scheme showing the reaction of a poly(maleic anhydride) polymer 
with the amine ends of nylon followed by the non-covalent attachment of the polymer to a 
cotton surface. 
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Figure 16 is a scheme showing the reaction of a poly(maleic anhydride) polymer 
with the amine ends of nylon followed by the covalent attachment of the polymer to a wool 
surface. 

Figure 1 7 is a scheme showing the reaction of a poly(maleic anhydride) polymer 
with the amine ends of nylon followed by the non-covalent attachment of the polymer to a 
wool surface. 

Figure 1 8 is a scheme showing the reaction of a poly(maleic anhydride) polymer 
with a carbohydrate followed by the covalent attachment of the polymer to a nylon surface. 

Figure 19 is a scheme showing the reaction of a poly(maleic anhydride) polymer 
with a carbohydrate followed by the non-covalent attachment of the polymer to a nylon 
surface. 

Figure 20 is a scheme showing the reaction of a poly(maleic anhydride) polymer 
with a carbohydrate followed by the covalent attachment of the polymer to a wool surface. 

Figure 21 is a scheme showing the reaction of a poly(maleic anhydride) polymer 
with a carbohydrate followed by the non-covalent attachment of the polymer to a wool 
surface. 

MODES FOR CARRYING OUT THE INVENTION 

Methods and compounds for modifying materials, as well as modified materials 
produced by the methods are provided. Using the methods disclosed herein, a variety of 
materials including textiles, such as cellulosic textile materials, including cotton fibers, as 
well as fibers of proteinaceous materials such as wool and silk, and synthetic fiber 
materials, such as nylon, and various man made materials, such as regenerated cellulose or 
regenerated protein, are modified to impart selected properties on or to the material. 
Desirable properties that can be imparted on or to the modified materials include water 
repellency, durability to dry cleaning and laundering, detergent free washing, increased 
speed of drying, resistance to abrasion and soiling, grease resistance, increased strength, 
and enhanced comfort. 
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Materials 

A variety of materials, including textile fibers, yarns and fabrics can be modified as 
disclosed herein. The materials can be modified in one embodiment by the covalent or 
noncovalent attachment of certain polymers to the material. In one embodiment, materials 
comprising modifiable functional groups may be modified, by the covalent attachment of a 
multifunctional polymer. The modifiable functional groups in the materials are, for 
example, reactive groups capable of covalently reacting to attach the multifunctional 
polymer to the material. Exemplary modifiable functional groups include amine groups, 
hydroxyl groups, thiol groups, and carboxylic acid groups. The modifiable functional 
groups also can permit the modification by non-covalent attachment of certain polymers or 
monomers, for example, by hydrogen bonding interactions, hydrophobic interactions, or 
salt bridging. 

Exemplary materials that can be modified as disclosed herein include 
carbohydrates, such as polysaccharides, and leather. Exemplary polysaccharides include 
dextran, cellulose or starch. Other exemplary materials include natural materials, such as 
wool or silk, as well as fibers of synthetic polymers such as polyamines and polyamides, 
e.g., nylon. Man made materials may be modified such as regenerated cellulose and 
viscose rayon, and regenerated proteins, and various cellulose derivatives. Other synthetic 
polymer materials also may be modified, such as polyesters, polyethers, polyacrylics and 
modified acrylics, polyurethanes and combinations thereof with other monomers and 
polymers. 

In one embodiment, materials comprising amino acids, for example in the form of 
poly(amino acids), may be modified. For example, in one embodiment, wool and silk 
materials comprising proteins may be modified as disclosed herein. 

Cellulosic Materials 

In one embodiment, a variety of cellulose containing materials may be modified as 
disclosed herein. Exemplary materials include textile fabrics for clothing and apparel, 
paper materials, such as filters, and other materials such as chromatography materials. For 
example, cotton fibers or cloth comprising such fibers may be modified. 

In one embodiment, cellulose containing materials, such as cotton, are modified, for 
example, by the attachment of a multifunctional polymer. The modification of cotton 
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material can alter properties of the cotton, such as its water/soil repellent characteristics, or 
permanent press properties. Advantageously, the cotton containing materials may be 
modified after procedures such as dyeing of the cotton. The cotton material may be also 
provided as a blend with other natural and/or synthetic materials, either before or after the 
modification step wherein, for example, the hydrophobic groups are covalently attached. 

Cellulose is a mostly linear polymer of glucose connected by (M,4-linkages as 
shown below: 



OH 




OH 

Cellulose 



Each strand of natural cellulose is from 2000 to 3000 anhydro glucose units long. The 
cellulose polymers are easily hydrolyzed by acid. The cellulose molecules form fibrils in 
which the majority of the molecules are oriented in the direction of the fiber axis, giving 
the fiber its strength. Between the crystalline regions are semicrystalline and amorphous 
areas. The configuration of the fiber is stabilized by hydrogen bonds and van der Waals 
forces. 

In cellulose, each glucose unit contains three hydroxyl groups which gives cellulose 
its hydrophilic characteristics. Using the methods disclosed herein, these hydroxyl groups 
may be chemically modified to alter its properties. For example, the hydroxyl groups may 
be modified by the attachment of multifunctional polymers comprising hydrophobic 
groups, such as hydrocarbon and fluorocarbon groups, to impart hydrophobic 
characteristics to the cellulose, and consequently, to materials, such as clothing made from 
the cotton. 
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Amino Acid Containing Materials 

In one embodiment, materials comprising poly (amino acids), such as proteins, may 
be modified as disclosed herein. For example, wool materials may be modified. Wool 
materials, for example, may comprise a protein such as keratin, which may be modified as 
disclosed herein. 

Materials comprising amino acids, for example comprising proteins, may be 
modified as disclosed herein, for example, by modification of substituents on the amino 
acid side chains. For example, the hydroxy! on serine, threonine, or tyrosine may be 
modified. The side chain on lysine, arginine and histidine may be modified. The 
carboxylic acid group on aspartate and glutamate may be modified. The amide group on 
asparagine and glutamine may be modified, as well as the thiol group on cysteine. 
Modification can occur, for example, by the covalent or non-covalent attachment of 
polymers that alter properties of the material as disclosed herein. 

A variety of materials with modifiable functional groups, such as thiol, amine and 
hydroxyl, may be modified as disclosed herein. While, in one embodiment, the 
modification is described in detail herein with respect to cellulose by way of example, other 
materials including hydroxyl or other modifiable groups may be modified by the methods 
disclosed herein. 

Multifunctional Molecules 

Multifunctional molecules for use in modifying the surfaces of materials such as 
textile fibers, including cotton, wool and nylon, are provided. In one embodiment, 
multifunctional polymers are provided. The term "multifunctional polymer" as used 
herein, refers to polymers with plural functional groups or regions, such as binding groups, 
hydrophobic groups, and hydrophilic groups and oleophobic groups. The multifunctional 
polymers can include hydrophobic regions and/or hydrophilic regions. The multifunctional 
polymers also may include binding functional groups that permit either non-covalent or 
covalent binding to the material being treated, thus permitting the multifunctional polymer 
to form a non-covalent or covalent coating on the material. For example, the binding 
functional groups may be capable of associating with the surface via hydrogen bonds, van 
der Waals, ionic, and/or hydrophobic, or other non-covalent interactions between the 
coating molecule and the surface being coated. The binding groups also may be reactive 
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groups that are capable of reacting with functional groups on the surface to form a covalent 
bond between the coating molecule and the surface. 
Modification Using Activated Acyl Groups 

A variety of hydrophobic groups may be attached to materials. In one embodiment, 
a material comprising a modifiable functional group, such as cellulose, is reacted with one 
or more activated acyl groups, for example, in the presence of a hindered base. While 
cellulose is discussed herein by way of example, other materials, including other 
polysaccharides, may be modified as disclosed herein, as well as materials containing 
amines. 

For example, the activated acyl group may be an acid chloride or anhydride. 
Exemplary compounds are shown in Scheme I below. For example, the activated acyl 
group may be an acid chloride, RCOC1 or anhydride (RCO) 2 0. Mixed anhydrides also 
may be used. The R group may be selected to determine the properties of the cellulose, 
after acylation. R in one embodiment is a cyclic or branched or straight chain hydrocarbon 
or fluorocarbon. 

The activated acyl group may be an acyl chloride, RCOC1 or anhydride (RCO) 2 0, 
wherein R is a C5 to C20 saturated or unsaturated branched, cyclic or straight chain 
hydrocarbon, for example a straight chain CI 0-20 saturated hydrocarbon, such as 
hexadecanoyl chloride. For more hydrophobicity, longer chain lengths may be used. 

In another embodiment, polymeric molecules, e.g. , polyethylene acid chloride, 
maleic acid or polypropylene maleic acid chloride may be used. Exemplary polymeric 
activated acyl groups which can be used are shown in Formulas 1 , 2 and 3 below, wherein 
m, n, o and p are independently about 10 to 10,000, preferably about 100-10,000. The 
molecules of Formulas 2 and 3 are multifunctional and can attach at multiple sites on the 
cellulose, and can form "loops" and "trains" respectively on the cellulose. 

In another embodiment the activated acyl group may be an acid chloride, 
R(CH 2 ) 2 C0C1 or anhydride, (R(CH 2 ) 2 CO) 2 0, wherein R is a CI -CI 2 branched, cyclic or 
straight chain fluorocarbon. For example, R may be CF 3 -. In another embodiment, R can 
be CF 3 (CF 2 ) n - wherein n is, for example, 0 to 10 (as shown in Formula 4 in Scheme I 
below). Fluorinated chains are generally more hydrophobic than hydrocarbon chains of the 
same length, so shorter chains may be used. For example, cellulose may be rendered 
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hydrophobic by reaction with the activated hydrophobic acyl group, 
CF3(CF 2 )2(CH 2 )2COCI. Mixtures of hydrocarbons and fluorocarbons can be used. 

Exemplary acid chlorides or anhydrides which may be used to treat a material, such 
as cellulose or other carbohydrate material, in the presence of a hindered base are shown in 
Scheme I below. 




Formula 2 




Formula 3 



II H 2 H 2 H 2 H 2 H 2 H 2 H 2 

H2 H2 H2 H2 H2 H2 H2 

Hexadecanoyl chloride 
O 

x 

CI^XH 2 CH2(CF2) n -CF 3 



Formula 4 
O 

y 

CrXH 3 
Acetyl chloride 

Scheme I 

Multifunctional Polymers Including Hydrophobic Groups and Hydrophilic Groups 
for Coating Hydrophilic Surfaces Non-Covalently 
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In one embodiment multifunctional polymers are provided that include hydrophobic 
groups and hydrophilic groups. These multifunctional polymers may be used, for example, 
to form hydrophobic water repellent coatings non-covalently on surfaces, such as 
hydrophilic surfaces of materials, such as cellulose materials, including cotton. This 
permits the synthesis of durable water resistant coatings on materials, such as cotton, 
without the need for covalent chemical reactions. Durable non-covalent coatings may be 
formed via a large number of weak interactions, i.e., hydrogen bonds, van der Waals, ionic, 
and hydrophobic interactions, between the coating molecule and the surface being coated. 

The multifunctional polymers may include hydrophilic functional groups that are 
capable of interacting with the hydrophilic surface, for example, of cotton fabric, as well as 
hydrophobic functional groups capable of repelling water. Exemplary polymers including 
both types of functional groups include graft copolymers and block copolymers containing 
hydrophilic and hydrophobic regions. Weber et al, Eds. Solvents and Self Organization of 
Polymers, Kluwer Academic, Domdrecht, The Netherlands, 1 996. 

For example, a graft copolymer, in one embodiment, includes a main polymer 
backbone consisting of one polymerized monomer with a second monomer type grafted 
and polymerized onto the backbone. The synthesis of a graft copolymer in one 
embodiment involves the formation of a reactive center on the polymer backbone molecule 
in the presence of a polymerizable monomer. Most methods of synthesizing graft 
copolymers involve the use of radical and ionic polymerization. In a preferred 
embodiment, a graft copolymer is provided that consists of a hydrophilic backbone with 
hydrophobic polymer grafts. The graft copolymer is applied to the materials, such as 
cotton fabric (a hydrophilic surface) to produce a durable hydrophilic coating. 

Once adsorbed to the hydrophilic surface, the polymer will minimize its energy by 
orienting its hydrophilic backbone towards the hydrophilic cotton surface (noncovalent 
binding) with the alkyl groups (the hydrophobic grafts) oriented away from the surface 
(water/soil repellency). Thus, a durable, noncovalently attached water repellent coating is 
formed. If fluorinated hydrophobic monomers are used, an oil repellent finish is also 
produced. Examples of hydrophilic and hydrophobic monomers are listed in Table I, 
below. Many of these monomers are commercially available, for example from 
Polysciences, Inc., Warrington, PA. 
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Hydrophobic Monomers 

N-(ter/-Butyl)acrylamide 
n-Decyl acrylamide 
n-Decyl methacrylate 
N-Dodecylmethacrylamide 
2-Ethylhexyl acrylate 
1 -Hexadecyl methacrylate 
n-Myristyl acrylate 
N-(n-Octadecyl) acrylamide 
n-Octadecyltriethoxysilane 
N-tert-Octylacrylate 
Stearyl acrylate 
Stearyl methacrylate 
Vinyl laurate 
Vinyl stearate 

Hydrophobic Monomers - Fluorinated 

1 H, 1 H,7H-Dodecafluorohepty 1 methacrylate 

2-Fluorostyrene 

4-Fluorostyrene 

1 H, 1 H,2H,2H-Heptadecafluorodecyl acrylate 

1 H, 1 H,2H,2H-Heptadecafluorodecyl methacrylate 

1H,1H-Heptafluorobutyl acrylate 

lH,lH-Heptafluorobutyl methacrylate 

1 H, 1 H,4H-Hexafluorobuty 1 acrylate 

1H,1 H,4H-Hexafluorobutyl methacrylate 

Hexafluoro-iso-propyl acrylate 

Methacryloyl fluoride 

lH,lH-Pentadecafluorooctyl acrylate 

lH,lH-Pentadecafluorooctyl methacrylate 

Pentafluorophenyl acrylate 

Pentafluorophenyl methacrylate 

2,3,4,5,6-Pentafluorostyrene 

1H,1H,3H-Tetrafluoropropyl acrylate 

1 H, 1 H,3H-Tetrafluoropropy 1 methacrylate 

2,2,2-Trifluoroethyl acrylate 

2,2,2-Trifluoroethyl methacrylate 

Hydrophilic Monomers 

Acrylamide 
Acrylic acid 

N-Acryloyltris(hydroxymethyl)methylamine 
Bisacrylamidoacetic acid 
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Glycerol mono(meth)acrylate 
4-Hydroxybutyl methacrylate 
2-Hydroxyethyl acrylate 

2-Hydroxyethyl methacrylate (glycol methacrylate) 

N-(2-Hydroxypropyl)methacrylamide 

N-Methacryloyltris(hydroxymethyl)methylamine 

N-Methylmethacrylamide 

Poly(ethylene glycol) (n) monomethacrylate 

Polyethylene glycol) (n) monomethyl ether monomethacrylate 

2-Sulfoethyl methacrylate 

1,1,1-Trimethylolpropane monoallyl ether 

N- Viny 1-2-pyrrolidone ( 1 -viny 1-2-py rrolidinone) 

TABLE I 

Other hydrophobic monomers include perfluoroalkyl monoftinctional vinyl ethers, 
such as those available from Allied Signal (Morristown, NJ) and perfluoralkyl sulfonamide 
acrylates and methacrylates (3M, St. Paul, MN). 

The multifunctional polymers also may comprise natural polymers. Carbohydrates, 
such as dextran, starch, and cellulose, are natural, hydrophilic polymers composed of 
hydroxyl group-containing glucose units. 

Using the methods disclosed herein, in one embodiment, hydrophobic/oleophobic 
groups, such as palmitoyl chloride, may be grafted onto some of the hydroxyl groups, for 
example, one per anhydroglucose unit, to produce a carbohydrate with groups capable of 
hydrogen bonding (hydroxyl groups) and groups capable of repelling water/soil (e.g., 
palmityl groups) - an amphiphilic polymer. Additionally, the free hydroxyl groups can be 
replaced with groups capable of forming stronger hydrogen bonds to the cotton surface, 
such as carboxylates, amines, and sulfonates, and therefore produce a more durable coating. 
For example, free hydroxyl groups can be converted to carboxylates with reagents such as 
chloroacetic acid or succinic anhydride, converted to amines by caprolactam, or converted 
to sulfonates with sulfuryl chloride. Other reactions include reaction of hydroxyl groups on 
carbohydrates to add hydrophobicity, by, for example: the addition of alkyl halides or alkyl 
epoxides; activation with chloroacetic acid followed by reaction with a nucleophilic alkyl, 
such as an alkyl amine, alkyl alcohol, or alkyl thiol, in the presence of a catalyst, such as 
dicyclohexylcarbodiimide (DCC); activation with carbonyl diimidazole followed by 
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reaction with a nucleophilic alkyl; reaction with acetyl chlorides, such as palmitoyl chloride 
or with alkyl anhydrides; activation with oxidizing agents to produce a dialdehyde floowed 
by reaction with an alkyl amine or hydrazide; and activation with epichlorohydrin followed 
by reaction with a nucleophilic alkyl. 

Block copolymers also may be used, wherein the block copolymer includes two 
polymers, and wherein blocks of one type of homopolymer are attached to blocks of 
another type of homopolymer. By alternating sequences of hydrophobic blocks with 
hydrophilic blocks, a block copolymer with amphiphilic character is formed. The 
copolymer can be adsorbed to the hydrophilic surface of materials such as wool and cotton. 
Once adsorbed, the polymer will take the form of loops on the surface with the hydrophilic 
polymer adsorbed to the surface and the hydrophobic blocks oriented away from the 
surface as loops to impart a durable and hydrophobic finish. Examples of hydrophobic and 
hydrophilic monomers that may be used are listed in Table I. R.J. Ceresa, Eds., Block and 
Graft Copolymehzation, John Wiley and Sons, New York, 1973. 

Hydrophobic monomers may be grafted to hydrophilic polymers by polymerizing 
the hydrophobic monomers to reactive groups, such as end groups, on hydrophilic 
polymers. The monomers also may be reacted in succession to produce block copolymers. 
Hydrophobic polymer chains may be grown on an activated hydrophilic polymer. For 
example, poly(2-hydroxyethyl methacrylate) and acryloyl chloride may be reacted to form 
an acrylate-activated moiety. This acrylate moiety may be reacted with stearyl acrylate to 
produce a graft-(stearylacrylate)2-hydroxyethylmethacrylate. 

The multifunctional polymers may be used to coat a variety of materials as 
disclosed herein including cotton as well as natural or synthetic poly(amides). In one 
embodiment, materials comprising amino acids, such as a wool material, comprising a 
protein such as keratin, may be modified. A multifunctional polymer comprising a 
poly(amino acid) modified to contain hydrophobic groups may be used to coat materials 
such as a protein containing material. The hydrophobically modified poly (amino acid) is 
applied to the material to which it associates via hydrogen bonding interactions between the 
poly(amino acid) portion of the hydrophobically modified poly(amino acid) and the 
poly(amino acid) in the material, such as wool. Figure 1 shows one embodiment wherein a 
material comprising surface poly(amino acids) 1 0 is bound by hydrogen bonding 
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interactions with the hydrophobically modified poly(amino acid) 40 that includes a 
poly(amino acid) chain 20 and covalently attached hydrophobic chains 30. The 
hydrophobic chains may be, for example, hydrocarbon or fluorocarbon chains, and may be, 
for example, straight, branched, or cyclic. 

The hydrophobic groups, such as linear, branched, or cyclic hydro or fluorocarbon 
groups, may be conveniently attached to poly(amino acids), for example by coupling to the 
amine group of lysine. Amines of lysines may react with isothiocyanates, isocyanates, 
acylazides, N-hydroxysuccinimide esters, sulfonylchloroaldehydes and glyoxals, epoxides 
and oxiranes, carbonates, arylating reagents, imidoesters, carbodiimides, anhyrides and acid 
chlorides, as described, for example, in G.T. Hermanson, "Bioconjugate Techniques", 
Academic Press, San Diego, CA, 1996, pp. 137-146. 

Multifunctional Polymers Including Hydrophobic Groups and Hydrophilic Groups 
for Coating Hydrophobic Surfaces Non-Covalently 

The multifunctional polymers, conversely, also may be used to form hydrophilic 
coatings non-covalently on hydrophobic surfaces of materials. The non-covalent coatings 
thus may be used to give the materials more comfortable wear properties, and enhance 
durability. Non-covalent hydrophilic coatings may be formed on a variety of hydrophobic 
materials, such as materials comprising polyesters, or polyamides including nylon. Other 
examples of materials include polyolefins, acrylates, polyacrylics and polyurethanes. 

The non-covalent coatings can form on the surface via weak interactions, such as, 
hydrogen bonds, van der Waals, ionic, and hydrophobic interactions, between the coating 
molecule(s) and the surface. Typically the multifunctional polymers include hydrophilic 
groups and hydrophobic functional groups that are capable of interacting with the 
hydrophobic surface, for example, of a polyamide such as nylon. Exemplary polymers 
including hydrophobic groups and hydrophilic groups are described in detail above. For 
example, graft copolymers, as discussed above, may be used. 

Once adsorbed to the hydrophobic surface, the polymer will minimize its energy by 
orienting its hydrophobic portion(s) towards the hydrophobic surface, by non-covalent 
binding, and with the hydrophilic portion(s) oriented away from the surface. Thus, a 
durable, non-covalently attached hydrophilic coating is formed. Examples of hydrophilic 
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and hydrophobic monomers are listed in Table I, above. Many of these monomers are 
commercially available, for example from Polysciences, Inc., Warrington, PA. 

In one embodiment, block copolymers also may be used that include hydrophobic 
blocks and hydrophilic blocks. The copolymer can be adsorbed to the hydrophobic surface 
of materials such as nylon. Once adsorbed, the polymer will take the form of loops on the 
surface with the hydrophobic polymer adsorbed to the surface and the hydrophilic blocks 
oriented away from the surface as loops to impart a durable and hydrophilic finish. 
Examples of hydrophobic and hydrophilic monomers that may be used are listed in Table I. 
R.J. Ceresa, Eds., Block and Graft Copolymerization, John Wiley and Sons, New York, 
1973. 

The multifunctional polymer used to form the non-covalent coating may comprise, 
for example, a hydrophobically modified poly(amino acid) that is applied to the material to 
which it associates via bonding interactions between the hydrophobic portion of the 
hydrophobically modified poly(amino acid) and the hydrophobic surface. The hydrophobic 
chains may be, for example, hydrocarbon or fluorocarbon chains, and may be, for example, 
straight, branched, or cyclic. 

Comb or graft copolymers may be used. In one embodiment, a graft copolymer may 
be used that includes a synthetic backbone, e.g., a polyester, polypropylene, polyethylene 
or polypropylene/polyethylene copolymer, to which are grafted hydrophilic portions, such 
as silk-like polypeptides or polysaccharide moieties such as dextran or cellulose chains or 
branches. The resulting polymer can be used to coat materials such as polyesters or 
polypropylene to give them more comfortable wear properties and enhance durability. 
Other materials include polyamides, polyurethanes and polyolefms. 

Multifunctional Polymers Including Reactive Groups for Covalent Attachment to 
Surfaces 

Multifunctional molecules, such as multifunctional polymers, also are provided that 
include one or more reactive groups and optionally hydrophobic and/or hydrophilic groups. 
Certain hydrophilic groups, such as carboxyl groups, may also function as reactive groups. 
The multifunctional polymers including reactive groups may be covalently attached to the 
surface of materials, such as wool or cotton, to modify properties of the material, for 
example, to impart wrinkle resistance and permanent press properties to the materials. 
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In one embodiment, the multifunctional polymers are block copolymers or graft 
copolymers including reactive groups, for example, cellulose (hydroxyl) or amino acid 
reactive functional groups at one or both ends of the polymer, or spaced along the polymer 
backbone. Exemplary monomers and polymers including reactive groups are shown in 
Table II below. Exemplary reactive functional groups and their reactions with 
carbohydrates also are described in G. T. Hermanson, Bioconjugate Techniques. Academic 
Press, San Diego, C A, 1 996, pp. 27-40, the disclosure of which is incorporated herein. In 
one embodiment, carbohydrate (cellulose) reactive monomers are reacted with 
carbohydrate (cellulose) unreactive monomers, for example as listed in Table I, to produce 
a multifunctional polymer that is a copolymer with the desired density of crosslinking sites 
on the copolymer. The multifunctional polymer also may be a cellulose reactive polymer 
as shown below. The multifunctional polymers may be used to covalently coat a variety of 
materials, including cotton, as well as materials containing amino acids and proteins, such 
as wool. 

The attached multifunctional polymers can, for example, impart wrinkle resistance 
by crosslinking the cellulose chains of cotton to prevent slippage and to increase the 
crystallinity of the cotton through attractive interactions (van der Waals) between the 
polymer chains grafted on the fabric. The loss in tear strength due to rigidification that 
results in commercial crosslinking processes is avoided due to the spring-like nature of the 
polymer chains which allow stretching without loss of cellulose conformation. The 
polymer also can mask the properties of the fabric, thus providing useful surface 
characteristics such as water resistance and soil repellency. 

The multifunctional polymer may comprise a hydrophobic region and a reactive 
group; a hydrophilic region and a reactive group; or combinations thereof. For example, 
the polymer may include plural different hydrophilic or plural different hydrophobic 
regions and one or more reactive groups, or may include combinations of hydrophobic and 
hydrophilic regions in addition to one or more reactive groups. The multifunctional 
polymer in one embodiment is a hydrophilic polymer comprising a plurality of reactive 
groups. For example, the amylose fraction of starch has a helical conformation 
(A.L. Lehninger, Biochemistry, Worth, New York, 1970, p. 229) and may be used to form 
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spring-like crosslinks. Similarly, polymers such as peptides, including natural or synthetic 
polymers, with a flexible secondary structure can be used. 

A list of exemplary cellulose reactive monomers and polymers is provided below in 
Table II. These monomers and polymers are also useful with a variety of other materials, 
such as wool. 



Cellulose Reactive Monomers 

Beta-Ketoester 

2-(Acetoacetoxy)ethyl methacrylate 
Activated Ester 

N-Acroyloxysuccinimide 
Aldehyde 

Acrolein 
Carboxylic Acid Anhydrides 

Acrylic anhydride 

Allylsuccinic anhydride 

Citraconic anhydride 

4,4 ' -Hexafluoro-iso-propy lidenebisphthalic anhydride 

Methacrylic anhydride 

4-Methacryloxyethyl trimellitic anhydride 
Carboxylic Acid Chloride 

Acryloyl chloride 

Methacryloyl chloride 
Carboxylic Acid Hydrazide 

Adipic acid dihydrazide 
Oxiranes 

Allyl glycidyl ether 

Glycidyl acrylate 

Glycidyl methacrylate 
Isocyanate 

Alpha, alpha-dimethyl-3-isopropenylenzyl isocyanate 
Methylolamides 

N-Methylolacrylamide 
N-Methylolmethacrylamide 

Cellulose Reactive Polymers 

Aldehyde and Ketone-Functional Polymers 
Polyacetal 
Polyacrolein 

Poly(methyl isopropenyl ketone) 

Poly(vinyl methyl ketone) 

Poly(ethylene glycol) -aldehyde terminated 
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Carbonyiimiriazoie Activated Polymers 

Poly (ethylene glycol) - carbonyidiimidazoie terminated 
Carboxviic Acid Anh vdride - F uncuonai Polvmers 

Polyi acryiic anhydride) 

Polvfalkalene oxide/maieic anhvdride) coooivmers 
Polviazeiaic anhvdride) 
Polvfbutadiene/maieic anhvdride) conoivmer 
Poly(ethylene/maieic anhydride) copolymer 
Poly(maieic anhydride) 

Polvfmaieic anhvdride/' 1 -octadecene > conoivmer 

Poly( vinyl methyl ether/maieic anhydride) copolymer 

Poly(styrene/maieic anhydride) copolymer 
Carboxviic Acid Chloride-Functional Polvmers 

Poly(acryiolyl chloride) 

Poly(methacryioyl chloride) 
Chlorinated Polvmers 

Polvdimethvisiloxane - chlorine terminated 

Polvethvlene - chlorinated 

Poivisoorene - chlorinated 

Polypropylene - chlorinated 

Poly( vinyl chloride) 
Epoxy-Tenninaied Polymers 

Poly(ethyiene glycol) - epoxide terminated 
Isocyanate-Termmaied Polymers 

Poly(ethyiene glycol) • isocyanate terminated 
Oxirane Functional Polymers 

Poly(glycidyl methacrylate) 
Hvdrazide-Functional Polvmers 

Poly( acrylic hydrazide/methyi acrylate) copolymer 
Succinimidvl Esier Polvmers 

Polvi ethviene civcol) - succinimidvl ester terminated 
Tresviate-Acuvated Polvmers 

Poly( ethylene giycoi) • tresyiate terminated 
Vinvl Sulfone-Terminated Polvmers 

Poly( ethylene giycol) - vinyl sulfone terminated 

TABLE II 
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Examples of the use of Multifunctional Polymers for Non-Covalent and Covalent 
Attachment to a Material to Impart Selected Properties to the Material 

A variety of multifunctional polymers may be non-covalent or covalently attached 
to a material to impart a selected property to the material. In one embodiment, the 
multifunctional polymer is a polymer comprising a plurality of reactive groups, such as a 
poly(carboxylic acid) molecule or poly(anhydride) molecule. The polymer may be formed, 
for example, from a polyanhydride, such as poly(maleic anhydride), or from 
polymerization of monomers such as maleic anhydride, or monomers from Table II. 

In one embodiment, a method of modifying a material is provided, the method 
comprising attaching a multifunctional polymer to the material, wherein the multifunctional 
polymer is capable of non-covalently or covalently binding the material, and wherein the 
multifunctional polymer is a modified poly(maleic anhydride) polymer. As used herein, 
the term "modified poly(maleic anhydride) polymer" refers to a polymer of maleic 
anhydride that has been modified covalently, for example, to include hydrophobic groups, 
or oleophobic groups. Modified poly(maleic anhydride) polymers include copolymers, 
including block and graft copolymers, of maleic anhydride. The multifunctional polymer 
may be attached to the material covalently via a reaction between functional groups on the 
polymer and the material, or noncovalently via noncovalent interactions between the 
polymer and the material. 

The modified poly(maleic anhydride) polymer may comprise a poly(maleic 
anhydride) polymer partially modified by the covalent attachment of a hydrophobic 
molecule. In one embodiment, the modified poly(maleic anhydride) polymer comprises 
anhydride groups, and the polymer is attached to the material via the formation of ester or 
amide bonds between the anhydride groups of the polymer and hydroxyl or amine groups 
on the material. 

The modified poly(maleic anhydride) polymer may be formed by the reaction of a 
poly(maleic anhydride) polymer comprising carboxy or anhydride groups with a 
hydrophobic molecule comprising a hydroxyl or amine group, thereby to attach the 
hydrophobic molecule to the poly(maleic anhydride) polymer via an ester or amide bond. 
The hydrophobic molecule may, for example, have the formula R-X, where R is a C8-24 
hydrocarbon or fluorocarbon, and X is OH, NH 2 or SH. 
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One embodiment of a molecule that may be attached to poly(maleic anhydride) 
polymers is a compound of Formula V, shown below: 



In the compound of Formula V, for example: 
m is 0 or 1 ; 
n is 0 or 1 ; 
o is 0 to 2; 

A is -S0 2 - , -CONH-, -CH 2 - or CF 2 -; 

R is a linear, branched, or cyclic hydrocarbon or fluorocarbon, including fully or 
partially fluoronated hydrocarbons, wherein R may be, for example, a Ci to C 30 
hydrocarbon or fluorocarbon; and 

X is a nucleophilic group capable of reacting with an anhydride, such as hydroxyl, 
amine or thiol. 

In one embodiment, the modified poly(maleic anhydride) is a copolymer of maleic 
anhydride and a polymerizable molecule. For example, maleic anhydride may be 
copolymerized with a compound of Formula VI, below: 



R 




X 



Formula V 
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R 




X 



Formula VI 

In the compound of Formula VI, for example: 
m is 0 or 1 ; 
n is 0 or 1 ; 
o is 0 to 2; 

A is -S0 2 - . -CONH-, -CH 2 - or CF 2 -; 

R is a linear, branched, or cyclic hydrocarbon or fluorocarbon, including fully or 
partially fluoronated hydrocarbons, wherein R may be, for example, a C\ to C 3 o 
hydrocarbon or fluorocarbon; and 

X is a polymerizable group capable of copolymerizing with maleic anhydride, for 
example, vinyl, acrylate, methacrylate, styrenyl, alkene, glycidyl acrylate, glycidyl 
methacrylate, vinyl ether (allyl), acrylamide, or methacrylamide. 

In one example, the modified poly(maleic anhydride) polymer is a copolymer of 
maleic anhydride and a molecule R-X, wherein R is a C1-C30, for example, a C8-C24 
hydrocarbon or fluorocarbon, and X is polymerizable moiety, such as an unsaturated group, 
for example, an alkene. 

In one embodiment, the modified poly(maleic anhydride) may be a copolymer of 
maleic anhydride and an alkene comprising a hydrophobic group, such as a 
hydroalkylalkene or a fluoroalkyl alkene. The modified poly(maleic anhydride) polymer 
may be formed by copolymerization of maleic anhydride and an alkene comprising a 
hydrophobic group, followed by hydrolysis of anhydrides on the resulting polymer to form 
free carboxyl groups on the modified polymer. In another embodiment, the modified 
poly(maleic anhydride) polymer is a poly(maleic anhydride) polymer comprising 
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covalently attached polyamide groups, such as nylon groups. In another embodiment, the 
modified poly(maleic anhydride) polymer comprises a poly(maleic anhydride) polymer 
comprising covalently attached polysaccharide groups, such as dextran, starch or cellulose 
groups. 

Chemically modified poly(maleic anhydrides), such as poly(carboxylic acid) 
polymers, may be used in one embodiment to impart selected properties, such as water, oil, 
grease, or soil repellency, wrinkle resistance, smoothness and other permanent press 
properties, increased strength, and/or abrasion resistance, and to improve comfort of 
materials such as cotton and wool, or to impart a natural, cotton-like feel to materials such 
as nylon or other synthetic fibers, e.g., polyesters, and to wool or silk. The polymer may be 
attached to the materials, for example, via the formation of ester bonds to materials such as 
cotton, or, e.g., the formation of amide bonds to materials such as wool, silk and nylon. In 
another embodiment, a poly(carboxylic acid) polymer formed for example from 
poly(maleic anhydride) may be attached non-covalently to materials such as cotton, wool, 
silk and nylon via weak physical attraction, for example via hydrogen bonding, between the 
carboxylic acids of the multifunctional polymer to groups on surfaces of materials such as 
cotton, wool, silk and nylon. Poly(maleic anhydride) based polymers are advantageous due 
to the ease of reaction and the low cost of poly(maleic anhydride). 

Use of a Poly (Carboxylic Acid) to form a Water or Soil Repellent Polymer Coating 

A multifunctional polymer, such as a poly(carboxylic acid) may be used, for 
example, to form a water or soil repellent finish or coating on fibers or fabric of materials 
such as cotton and wool. The multifunctional polymer may be attached to the material 
through covalent bonds, such as ester or amide bonds after reformation of the anhydride 
with sodium hypophosphite, or physically through many weak forces, such as hydrogen 
bonds, or electrostatic interactions. 

In one embodiment, the multifunctional polymer comprises a poly(carboxylic acid) 
to which are attached hydrophobic groups, such as hydroalkyls or fluoroalkyls. The 
poly(carboxylic acid) may be formed from poly(maleic anhydride) modified with 
hydrocarbon and/or fluorocarbon hydrophobic moieties. 

One embodiment is shown in Figure 2. In Figure 2, m, n and o are, for example, 
independently about 1 to 10,000, e.g., about 1 to 1000. For example, m is about 1 to 1000, 
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and n and o are about 1 to 800. The ratio of o:n is, for example, about 1 : 1 to 25: 1 , for 
example about 10:1. Poly(maleic anhydride) is partially reacted with hydro- and 
fluoroalkanols, or, for example, compounds of Formula V, above, to form a polymer 
containing both textile reactive (maleic anhydride) and hydro/oleophobic groups (hydro- 
and fluoroesters). This compound is then covalently bound to a material such as cotton 
yarn or fabric using suitable reaction conditions, such as an aqueous solution containing the 
polymer and a sodium hypophosphite catalyst. These reaction conditions are described for 
example in: Welch, Rev. Prog. Coloration, Vol. 22, 1992, pp. 32-41; and Lammermann, 
Melliand English, Vol. 3, 1992, pp. E105-E107, the disclosures of which are incorporated 
herein by reference. In the Figures, the total number of m, n and o subunits can be 
arranged in any order in the polymer. 

In another embodiment, a copolymer is formed from maleic anhydride and hydro- 
and fluoroalkenes, or compounds of Formula VI above, as shown in Figure 3. In Figure 3, 
m and n are, for example, independently about 1 to 10,000, e.g., about 1 to 1000, and the 
n:m ratio is for example, about 1 : 1 to 25 : 1 , e.g. , about 10:1. The copolymerized polymer 
can have, for example, about 1 to 1000 of the maleic anhydride-co-fluoroalkene-co- 
hydroalkene units. The resulting polymer, poly(maleic anhydride-co-fluoroalkene-co- 
hydroalkene), is covalently bound to cotton fiber or fabric under the conditions described 
above for the method shown in Figure 2. 

Since wool also contains functional groups, such as serine hydroxyls and lysine 
amines, capable of reacting with maleic anhydride, the above polymers may be covalently 
bound in a similar fashion to impart water/soil repellency to wool fibers and fabric, as 
shown in Figures 6 and 7. In Figures 6 and 7, m, n and o are for example independently 
about 1 to 10,000, or e.g., about 1 to 1000. Thus the number of units n and o in the 
alkylated polymer can be for example independently about 1 to 1000. In one embodiment, 
m is about 1 to 1000, n is about 1 to 800 and o is about 1 to 800. The ratio of o:n is, for 
example, about 1:1 to 25:1, e.g., about 10:1. 

To produce a water/soil repellent, non-covalently bound coating on materials such 
as cotton, hydrogen bonds are formed between the multifunctional polymer coating and the 
material. In the embodiment shown in Figure 4, poly(maleic anhydride) is reacted, for 
example, completely, with hydro- and fluoroalkanols, for example, as described above, to 
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form an amphiphilic multifunctional polymer containing both carboxylic acids, capable of 
hydrogen bonding to cotton, and hydro/oleophobic groups for water/soil repellency. The 
compound is then applied to cotton fibers or clothing from an aqueous solution where the 
carboxylates hydrogen bond to the cotton hydroxyls. No catalyst is needed. In Figure 4, m 
is for example about 1 to 10,000, or e.g., about 1 to 1000. 

In another embodiment, maleic anhydride and hydro- and fluoroalkenes, as 
described above, are copolymerized. The resulting polymer, poly(maleic anhydride-co- 
fluoroalkene-co«hydroalkene), is hydrolyzed in water to give carboxylates which 
subsequently hydrogen bond to cotton hydroxyls. This method is illustrated in Figure 5. In 
Figure 5, m and n are, for example, independently about 1 to 10,000, e.g., about 1 to 1000. 
The ratio of n:m is, for example, about 1 : 1 to 25 : 1 , e.g., about 10:1. The copolymerized 
polymer can have, for example, about 1 to 1000 of the maleic anhydride-co-fluoroalkene- 
co-hydroalkene units. 

Since wool also contains functional groups, such as serine hydroxyls, and lysine 
amines, capable of forming hydrogen bonds to carboxylates, the above polymers may be 
applied in a similar manner to impart water/soil repellency to wool fibers and fabric, as 
shown in Figures 8 and 9. In Figure 8, m is for example, about 1 to 10,000, or e.g., about 1 
to 1000. In Figure 9, m and n are, for example, independently about 1 to 10,000, e.g., 
about 1 to 1 000, and the n:m ratio is for example, about 1 : 1 to 25 : 1 , e.g., about 10:1. The 
copolymerized polymer can have, for example, about 1 to 10,000, or, e.g., about 1 to 1000 
of the maleic anhydride-co-fluoroalkene-co-hydroalkene units. 

Use of a Poly (Carboxylic Acid) to form a Permanent Press Coating 

In one embodiment, to crosslink cotton to produce a permanent press finish, a 
multifunctional polymer is provided that includes a plurality of carboxylic groups and one 
or more crystallizable moieties. The multifunctional polymer can be formed, for example, 
by attaching crystallizable groups to a poly(maleic anhydride) backbone. The maleic 
anhydride can be covalently linked to the material or hydrolyzed to form a dicarboxylic 
acid which can hydrogen bond to the material. The crystallizable moiety, e.g., polymers of 
hydrocarbons, provide the stiff scaffolding on the surface of the fabric, similar to common 
starch/ironing treatments, to maintain durable press characteristics. Unlike the starch 
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treatment, the coating is covalently or non-covalently bound to the material and insoluble in 
water. 

In one embodiment, to produce a durable press, covalently-bound finish on cotton, 
the cotton-binding moiety (maleic anhydride) is combined with a crystallizable moiety 
(polymers of hydrocarbons). This may be accomplished, for example, as shown in Figure 
10. Poly(maleic anhydride) is partially reacted with poly(hydroalkanols) to form a polymer 
containing both cotton reactive (maleic anhydride) and crystallizable groups 
(poly(hydroalkylesters)). This compound is then covalently bound to the cotton yarn or 
fabric using reaction conditions similar to the formation of durable press cotton with 
poly(carboxylic acids) (an aqueous solution containing the polymer and sodium 
hypophosphite catalyst). In Figure 1 0, m, n and o are, for example, independently about 1 
to 10,000, e.g., about 1 to 1000. For example, m is about 1 to 1000, and n and o are about 1 
to 800. The ratio of n:o can be, for example, about 1 :50 to 1 :0.02, e.g., 1:1. In the 
alkylated polymer, for example, there can be for example independently about 1 to 10,000, 
or, e.g., about 1 to 1000 of the n and o subunits. 

Another embodiment is shown in Figure 11, wherein a copolymer is formed from 
maleic anhydride and poly(hydroalkenes). The resulting polymer, poly(maleic anhydride- 
co-polyhydroalkene), is covalently bound to cotton fiber or fabric under identical 
conditions to the first method presented above. In Figure 1 1, m and n are, for example, 
independently about 1 to 10,000, e.g., about 1 to 1000, and the n:m ratio is for example, 
about 1 :50 to 1 :0.02, e.g., 1:1. The copolymerized polymer can have, for example, about 1 
to 1000 of the maleic anhydride-co-fluoroalkene-co-hydroalkene units. 

Since wool also contains functional groups (serine hydroxyls, lysine amines, etc) 
capable of reacting with maleic anhydride, the above polymers may be applied in a similar 
fashion to impart durable press properties to wool fiber yarns and/or fabric. 

To produce a durable press, non-covalently bound finish on textiles, in one 
embodiment, hydrogen bonds are formed between the multifunctional polymer and the 
cotton. In one embodiment, shown in Figure 12, poly(maleic anhydride) is reacted, for 
example, completely, with poly(hydroalkanols), as described above, to form an amphiphilic 
polymer containing both carboxylic acids (capable of hydrogen bonding to textiles) and 
crystallizable groups for durable press properties. The compound is then applied to cotton 
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fibers, yarn, apparel fabric or clothing from an aqueous solution where the carboxylates 
hydrogen bond to the cotton hydroxyls. No catalyst is needed. In Figure 12, m is, for 
example about 1 to 10,000, or e.g., about 1 to 1000. 

In another embodiment, shown in Figure 13, maleic anhydride and 
poly(hydroalkenes) as described above are copolymerized. The resulting polymer, 
poly(maleic anhydride-co-polyhydroalkene), is hydrolyzed in water to give carboxylates 
which subsequently hydrogen bond to cotton hydroxyls. In Figure 13, m and n are, for 
example, independently about 1 to 10,000, e.g., about 1 to 1000, and the n:m ratio is for 
example about 1 :50 to 1 :0.02, e.g., 1:1. The copolymerized polymer can have, for 
example, about 1 to 1 000 of the maleic anhydride-co-fluoroalkene-co-hydroalkene units. 

Since wool also contains functional groups (serine hydroxyls, lysine amines, etc) 
capable of forming hydrogen bonds to carboxylates, the above polymers may be applied in 
a similar fashion to impart durable press properties to wool fibers and fabric. 

Use of a Poly (Car boxy lie Acid) to Form an Abrasion Resistant Coating 

Compared to synthetic fabrics such as polyester and nylon, cotton and wool have 
relatively low abrasion resistance. However, synthetic fabrics are not as comfortable to 
wear as cotton or wool. Therefore, combining the best attributes of each fabric type would 
be beneficial. To improve the abrasion resistance of cotton and wool, in one embodiment, 
a multifunctional polymer comprising a highly abrasion resistant molecule, such as nylon, 
is used to coat the surface of the fabric. 

To produce an abrasion resistant, covalently-bound finish on cotton, in one 
embodiment, poly(maleic anhydride) is partially reacted with the amines of nylon to form a 
polymer containing both cotton reactive (maleic anhydride) and abrasion resistant groups 
(nylon), as shown in Figure 14. This multifunctional polymer then is covalently bound to 
the cotton yarn or fabric using reaction conditions similar to the formation of durable press 
cotton with poly(carboxylic acids) (an aqueous solution containing the polymer and sodium 
hypophosphite catalyst). In Figure 14, m, n and o are, for example, independently about 1 
to 10,000, e.g., about 1 to 1000. For example, m is about 1 to 1000, and n and o are about 1 
to 800. In the nylon treated polymer, for example, there can be for example independently 
about 1 to 10,000, or, e.g., about 1 to 1000 of the n and o subunits. The ratio of n:o is, for 
example, about 1 :50 to 50: 1 , e.g., 1:1. 
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Since wool also contains functional groups, such as serine hydroxyls. and lysine 
amines, capable of reacting with maleic anhydride, the above polymers may be covalently 
bound in a similar fashion to impart abrasion resistant properties to wool fibers and fabric, 
as shown in Figure 16. In Figure 16, m, n and o are, for example, independently about 1 to 
10,000, e.g., about 1 to 1000. For example, m is about 1 to 1000, and n and o are about 1 to 
800. In the nylon treated polymer, for example, there can be for example independently 
about 1 to 10,000, or, e.g., about 1 to 1000 of the n and o subunits. The ration of n:o is, for 
example, about 1:50 to 50:1, e.g., 1:1. 

To produce an abrasion resistant, non-covalently bound finish on cotton, hydrogen 
bonds are formed between the abrasion resistant multifunctional polymer and the cotton, as 
shown in Figure 15. In Figure 15, m is, for example about 1 to 10,000, or e.g., about 1 to 
1 000. Poly (maleic anhydride) is reacted, for example, completely, with the amines of 
nylon to form a polymer containing both carboxylic acids, capable of hydrogen bonding to 
textiles, and abrasion resistant groups. The compound is then hydrogen bonded to cotton 
fibers or clothing from an aqueous solution. No catalyst is needed. 

Since wool also contains functional groups, such as serine hydroxyls and lysine 
amines, capable of forming hydrogen bonds to carboxylates, the above polymers may be 
physically bound in a similar fashion to impart abrasion resistance to wool fibers and 
fabric, as shown in Figure 17. In Figure 17, m is, for example about 1 to 10,000, or e.g., 
about 1 to 1 000. 

Use of a Poly (Carboxylic Acid) to Form a Natural Coating for Nylon and Wool 
Compared to soft and comfortable fabrics such as cotton and rayon (composed of 
carbohydrates), nylon and wool sometimes feel uncomfortable against the skin. Therefore, 
giving nylon and wool the feel of cotton would be beneficial. To improve the feel of nylon 
and wool, multifunctional polymers comprising a comfortable molecule, carbohydrate, may 
be used to coat the surface of the fabric. 

To produce a comfortable, covalently-bound finish on nylon, a multifunctional 
polymer is used that includes binding groups such as anhydride groups as well as 
carbohydrate groups, such as dextran, starch, or cellulose. In one embodiment, as shown in 
Figure 1 8, poly(maleic anhydride) is partially reacted with the hydroxyls of carbohydrates, 
such as dextran, starch or cellulose, to form a polymer containing both nylon reactive 
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(maleic anhydride) and comfort groups (carbohydrates). This multifunctional polymer then 
is covalently bound to nylon fibers or fabric using reaction conditions similar to the 
formation of durable press cotton with poly(carboxylic acids) (an aqueous solution 
containing the polymer and sodium hypophosphite catalyst). In Figure 1 8, m, n and o are, 
for example, independently about 1 to 10,000, e.g., about 1 to 1000. For example, m is 
about 1 to 1000, and n and o are about 1 to 800. In the carbohydrate reacted polymer, for 
example, there can be for example independently about 1 to 10,000, or, e.g., about 1 to 
1 000 of the n and o subunits. The ratio of n:o is for example about 50: 1 to 1 :50, e.g., 1:1. 

Since wool also contains functional groups, such as serine hydroxyls and lysine 
amines, capable of reacting with maleic anhydride, the above polymers may be covalently 
bound in a similar fashion to impart comfort properties to wool fibers and fabric, as shown 
in Figure 20. In Figure 20, m, n and o are, for example, independently about 1 to 1 0,000, 
e.g., about 1 to 1000. For example, m is about 1 to 1000, and n and o are about 1 to 800. 
In the carbohydrate reacted polymer, for example, there can be, for example, independently 
about 1 to 10,000, or, e.g., about 1 to 1000 of the n and o subunits. The ratio of n:o is, for 
example, about 1 :50 to 50: 1 , e.g., 1 : 1 . 

To produce a comfortable, non-covalently bound coating on nylon, hydrogen bonds 
are formed between the multifunctional polymer and nylon, as shown in Figure 1 9. In 
Figure 19, m is, for example about 1 to 10,000, or e.g., about 1 to 1000. Poly(maleic 
anhydride) is, for example, completely reacted with the hydroxyls of carbohydrates to form 
a polymer containing both carboxylic acids, capable on hydrogen bonding to nylon, and 
comfort groups. The polymer then is non-covalently physically bound to nylon fibers or 
fabric from an aqueous solution where the carboxylates hydrogen bond to the nylon 
amines. No catalyst is needed. 

Since wool also contains functional groups (serine hydroxyls, lysine amines, etc) 
capable of forming hydrogen bonds to carboxylates, the above polymers may be physically 
bound in a similar fashion to impart comfort qualities to wool fibers and fabric, as shown in 
Figure 21. In Figure 21, m is, for example about 1 to 10,000, or e.g., about 1 to 1000. 
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Smart Polymers 

In one embodiment, smart polymers may be covalently or noncovalently attached to 
materials such as cotton or wool. Such coatings are useful, for example, to impart quick 
drying properties on the materials. 

Natural cotton is very hydrophilic and tends to bind water quite strongly. 
Therefore, a large amount of heat is required to remove water from a cotton garment. Vast 
amounts of energy are used worldwide each year in this drying process. Use of garments 
that require less drying time would result in significant global energy savings. Methods are 
advantageously provided that permit a significant reduction in the amount of time required 
to dry fabric. 

In one embodiment, an upper critical solution temperature polymer, referred to as a 
smart or intelligent polymer is covalently attached to materials including cellulose 
materials, such as cotton. Such polymers are described, for example, in S.L. Rosen, 
Fundamental Principles of Polymeric Materials, John Wiley and Sons, Inc, New York, 
1993, Chapter VII; and A.S. Hoffinan, Macromol Symp. 98:645-664 (1995). A smart 
polymer will respond to a small physical or chemical stimuli, such as pH, temperature, 
ions, solvents, and electric fields, with a large property change, such as phase, shape, 
optics, mechanics, surface energies, and permeation rate. A smart polymer that is relatively 
hydrophilic at room temperature in water and air can be covalently attached to a cellulose 
material, such as cotton fabric, for example to form a coating on the fabric. Upon raising 
the temperature, for example, in a clothes dryer, the polymer undergoes a phase transition 
to a hydrophobic state, thus liberating trapped water molecules within the fabric coating 
and reducing drying time. The temperature of the phase change depends on the molecular 
weight of the polymer and the interaction between the polymer, fabric, and water. Table III 
lists examples of polymers that display a lower critical solution temperature (LCST) in 
aqueous solutions useful for this application. Exemplary polymers include poly(ethylene 
oxide) (PEO), polypropylene oxide (PPO) polymers and copolymers. 

Bifiinctional compounds capable of crosslinking the smart polymers to cotton or 
wool can be used to covalently attach the polymer to the fabric. Possible crosslinkers 
include epichlorohydrin, glutaraldehyde, disuccinimidyl glutarate, glyoxal, carbonyl 
diamidizole, DMDHEU, and formaldeyhde. 
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Ether Groups 

Poly (ethylene oxide) (PEO) 

Poly (ethylene oxide/propylene oxide) copolymers 

PEO/PPO/PEO triblock polymers 

Alkyl-PEO block polymers 

Poly (Vinyl methyl ether) 
Alcohol Groups 

Hydroxypropyl acrylate 

Hydroxypropyl methylcellulose 

Hydroxypropyl cellulose 

Hydroxyethyl cellulose 

Methylcellulose 

Poly (vinyl alcohol) and derivatives 
Substituted Amide Groups 

Poly (N-substituted acrylamides) 
Poly (N-acryloyl pyrrolidine) 
Poly (N-acryloyl piperidine) 
Poly (acryloyl-L-amino acid esters) 
Poly (ethyl oxazoline) 

Other 

Poly (methacrylic acid) 

TABLE III 



In another embodiment, a smart polymer that is a solid in air and a liquid in water or 
at basic pH may be covalently attached to a material such as a cellulose material such as 
cotton fabric using methods as described above. Thus, the fabric will release soils when 
placed in an aqueous detergent wash solution. Examples of such polymers include the 
hydrogels, as described, for example in D. DeRoss et al. 9 Eds., Polymer Gels, Plenum 
Press, New York, 1991. 

Covalent Attachment of Low Surface Energy Monomers and Polymers 
Increasing the abrasion resistance of fabric can dramatically increase its useful 
lifetime. In one embodiment, materials such as cellulose materials, such as cotton fabric 
may be coated by covalent attachment of low surface energy monomers or polymers, such 
as fluorocarbons, and high performance engineered polymers such as nylon and 
polyamides, to reduce friction, as disclosed herein. This coating thus protects the garment 
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from wear and increases its durability characteristics. The polymers may be attached to 
cellulosic materials via the crosslinkers disclosed herein. 
Applications 

Water repellency is imparted by lowering the surface energy of the material, such 
as cotton fabric, below the surface tension of water, thus causing water to bead on the 
fabric. The formation of water repellent coatings is particularly useful for the production of 
water repellent outerwear, such as cotton or wool outerwear. The cotton or wool 
advantageously retains its breathability, flexibility and softness after modification. The 
hydrophobically modified material, such as cotton is useful in that it can be made in vibrant 
and varied colors and patterns, and is light weight, and comfortable. Cotton also is 
advantageous in that it is natural and inexpensive. Cotton and wool materials may be easily 
mass produced inexpensively and in a variety of colors, patterns and shades, with good and 
permanent water repellency. Water repellent characteristics are imparted on materials, 
such as cotton-containing materials, by attaching multifunctional molecules directly to the 
material. 

* 

Grease repellency properties may be imparted on a material, such as cotton or wool. 
In grease repellent materials, the surface energy of the materials must be reduced below 
that of grease. Typically, grease is a hydrocarbon having a surface tension similar to that of 
a hydrocarbon coating. Fluorocarbons are among the lowest surface energy substances 
known. Bain et al., J. Am. Chem, Soc, jjT:7155 (1989). When attached to materials such 
as fabric, multifunctional molecules comprising fluorocarbon moieties will sufficiently 
lower the energy of the fabric to produce grease and water repellency. 

When cotton fabric is immersed in water or heated, the weak forces (hydrogen 
bonds and van der Waals attractions) that hold the cellulose chains in place break and the 
chains become free to move. Upon drying and cooling, the chains freeze into whatever 
position they happen to be in. This physical process is known as wrinkling. Cotton 
materials may be modified to improve their permanent press properties, with minimal loss 
of performance properties such as strength and abrasion resistance. Wool can wrinkle in a 
similar matter. Multifunctional molecules may be attached to materials, such as cotton or 
wool, to enhance the permanent press character, while retaining many attributes associated 



40 



WO 99/49124 



PCT/US99/06395 



with the original natural fibers. The extent of modification will determine the durability of 
permanent press. 

A variety of materials can be modified as disclosed herein, including various textile 
fiber materials in a variety of forms, such as fabric, yarn, and thread or finished articles of 
apparel or home furnishings fabrics. The surfaces of a variety of materials can be modified 
to alter properties, such as hydrophobicity. The surface of these filters, paper or wood, 
including wood furniture, and upholstery fabric can be treated as disclosed herein. The 
modified materials, such as cellulose cotton materials, or cotton containing materials, as 
well as wool, or other fibers, alone or blended with one or more other fibers produced as 
described herein may be used to form a variety of articles. For example, a variety of 
clothing and apparel items may be produced using the cotton cellulose materials, such as 
cloth or fabric for various end uses, including shirts, pants, bathing suits, jackets and shoes. 
A variety of articles of furniture may be produced including outdoor furniture or furniture 
coverings. Other items include furniture upholstery, curtains, and bedding items, and 
bedsheets or bedspreads and comforters, as well as pillows or pillow coverings, and floor 
coverings such as carpets, area rugs, throw rugs and mats of various types. Articles for 
outdoor use may be produced including car upholstery and paneling or furniture coverings, 
air filters such as automobile air filters, tents, umbrellas, and beach equipment. 
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CLAIMS 

What is claimed is: 

1 . A method of modifying a textile material, the method comprising attaching a 
multifunctional polymer to the material, wherein the multifunctional polymer comprises 
hydrophobic groups and hydrophilic groups. 

2. The method of claim 1 , wherein the method comprises attaching the 
multifunctional polymer to the material noncovalently via noncovalent interactions 
between the polymer and the material. 

3. The method of claim 1 , wherein the multifunctional polymer comprises 
reactive groups, and wherein method comprises attaching the multifunctional polymer to 
the material covalently by reaction of reactive groups on the polymer with reactive groups 
on the material. 

4. The method of claim 1 , wherein the textile material comprises a material 
selected from the group consisting of cotton, nylon and wool. 

5. The method of claim 1, wherein the textile material comprises a 
hydrophobic or hydrophilic surface. 

6. The method of claim 1, wherein the polymer is a copolymer comprising 
hydrophobic and hydrophilic regions. 

7. The method of claim 6, wherein the polymer is formed by polymerization of 
hydrophobic monomers and hydrophilic monomers. 

8. The method of claim 7, wherein the hydrophobic monomers are selected 
from the group consisting of N-(ter/-butyl)acrylamide, n-decyl acrylamide, n-decyl 
methacrylate, N-dodecylmethacrylamide, 2-ethylhexyl acrylate, 1-hexadecyl methacrylate, 
n-myristyl acrylate, N-(n-octadecyl) acrylamide, n-octadecyltriethoxysilane, N-tert- 
octylacrylate, stearyl acrylate, stearyl methacrylate, vinyl laurate, vinyl stearate, 
fluoroacrylates, and fluorostyrenes; and 

wherein the hydrophilic monomers are selected from the group consisting of 
hydrophilic monomers, acrylamide, acrylic acid, N- 

acryloyltris(hydroxymethyl)methylamine, bisacrylamidoacetic acid, glycerol 
mono(meth)acrylate, 4-hydroxybutyl methacrylate, 2-hydroxyethyl acrylate, 2- 
hydroxyethyl methacrylate (glycol methacrylate), N-(2-hydroxypropyl)methacrylamide, N- 
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methacryloyltris(hydroxymethyl)methylamine, N-methylmethacrylamide, polyethylene 
glycol) (n) monomethacrylate, poly(ethylene glycol) (n) monomethyl ether 
monomethacrylate, 2-sulfoethyl methacrylate, 1,1,1-trimethylolpropane monoallyl ether, 
N-vinyl-2-pyrrolidone (l-vinyl-2-pyrrolidinone), and 2-hydroxyethylmethacrylate. 

9. The method of claim 1, wherein the multifunctional polymer is a 
polysaccharide modified by the covalent attachment of a molecule comprising hydrophobic 
groups. 

1 0. The method of claim 1 , wherein the multifunctional polymer comprises a 
poly(amino acid) modified by the covalent attachment of a molecule comprising 
hydrophobic groups. 

1 1 . The method of claim 1, wherein the multifunctional polymer comprises a 
comb or graft copolymer. 

12. The method of claim 1 1, wherein the polymer comprises a hydrophobic 
synthetic polymer backbone and hydrophilic groups grafted thereto. 

13. The method of claim 12, wherein the synthetic polymer backbone comprises 
a polymer selected from the group consisting of a polyester, polypropylene, polyethylene or 
copolymer thereof, and wherein the grafted hydrophilic groups comprise polypeptide or 
polysaccharide moieties. 

14. The method of claim 3, wherein the reactive groups are amine, hydroxy 1, 
carboxyl, amide, beta-ketoester, aldehyde, anhydride, acyl chloride, carboxylic acid 
hydrazide, oxirane, isocyanate, or methylolamide groups. 

15. The method of claim 3, wherein the multifunctional polymer comprises a 
hydrophilic polymer comprising a plurality of reactive groups. 

1 6. The method of claim 3, wherein the multifunctional polymer comprises 
polymerized monomers selected from the group consisting of 2-(acetoacetoxy)ethyl 
methacrylate, N-acroyloxysuccinimide, acrolein, acrylic anhydride, allylsuccinic 
anhydride, citraconic anhydride, 4,4'-hexafluoro-iso-propylidenebisphthalic anhydride, 
methacrylic anhydride, 4-methacryloxyethyl trimellitic anhydride, acryloyl chloride, 
methacryloyl chloride, adipic acid dihydrazide, allyl glycidyl ether, glycidyl acrylate, 
glycidyl methacrylate, a,a-dimethyl-3-isopropenylenzyl isocyanate, N-methylolacrylamide, 
and N-methylolmethacrylamide. 
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1 7. The method of claim 3, wherein the multifunctional polymer comprises a 
polymer selected from the group consisting of a polyacetal, polyacrolein, poly(methyl 
isopropenyl ketone), polyvinyl methyl ketone), poly(ethylene glycol) modified to 
comprise aldehyde groups, poly(ethylene glycol) modified to comprise 

5 carbonyldiimidazole groups, poly(acrylic anhydride), poly(alkalene oxide/maleic 

anhydride) copolymers, poly(azelaic anhydride), poly(butadiene/maleic anhydride) 
copolymers, poly(ethylene/maleic anhydride) copolymers, poly(maleic anhydride), 
poly(maleic anhydride/l-octadecene) copolymers, poly( vinyl methyl ether/maleic 
anhydride) copolymers, poly(styrene/maleic anhydride) copolymers, poly(acrylolyl 

10 chloride), poly(methacryloyl chloride), chlorinated polydimethylsiloxane chlorinated 

polyethylene, chlorinated polyisoprene, chlorinated polypropylene, chlorinated polyvinyl 
chloride), poly(ethylene glycol) modified to comprise epoxides, polyethylene glycol) 
modified to comprise isocyanate groups, poly(glycidyl methacrylate), poly(acrylic 
hydrazide/methyl acrylate) copolymers, succinimidyl ester polymers, poly(ethylene glycol) 

15 modified to comprise succinimidyl ester groups, poly(ethylene glycol) modified to 

comprise tresylate groups, and polyethylene glycol) modified to comprise vinyl sulfone 
groups. 

18. A method of modifying a material, the method comprising attaching a 
multifunctional polymer to the material, wherein the multifunctional polymer is capable of 

20 non-covalently or covalently binding the material; and 

wherein the multifunctional polymer is a modified poly(maleic anhydride) polymer. 

1 9. The method of claim 1 8, wherein the multifunctional polymer is attached to 
the material covalently via a reaction between functional groups on the polymer and the 
material. 

25 20. The method of claim 1 8, wherein the multifunctional polymer is attached to 

the material noncovalently via noncovalent interactions between the polymer and the 
material. 

21 . The method of claim 1 8, wherein the material is selected from cotton, nylon 
and wool. 
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22. The method of claim 1 8, wherein the modified poly(maleic anhydride) 
polymer comprises a poly(maleic anhydride) polymer modified by the covalent attachment 
of a hydrophobic molecule. 

23. The method of claim 1 9, wherein the modified poly(maleic anhydride) 
polymer is attached to the material via the formation of ester or amide bonds between the 
polymer and the material. 

24. The method of claim 22, wherein the modified poly(maleic anhydride) 
polymer comprises a poly(maleic anhydride) polymer attached to a hydrophobic molecule 
to the poly(maleic anhydride) polymer via an ester or amide bond. 

25. The method of claim 24, wherein the hydrophobic molecule has the formula 
R-X, where R is a C8-C24 hydrocarbon or fluorocarbon, and X is OH, NH 2 or SH. 

26. The method of claim 1 8, wherein the modified poly(maleic anhydride) 
polymer is a copolymer of maleic anhydride and an alkene comprising a hydrophobic 
group. 

27. The method of claim 26, wherein the alkene is a hydroalkylalkene or a 
fluoralkyl alkene. 

28. The method of claim 1 8, wherein the modified poly(maleic anhydride) 
polymer is a copolymer of maleic anhydride and a molecule R-X, wherein R is a C8-C24 
hydrocarbon or fluorocarbon, and X is polymerizable moiety. 

29. The method of claim 28, wherein the polymerizable moiety is an unsaturated 

group. 

30. The method of claim 27, wherein the modified poly(maleic anhydride) 
polymer is formed by copolymerization of maleic anhydride and an alkene comprising a 
hydrophobic group, optionally followed by hydrolysis of anhydrides on the resulting 
polymer to form free carboxyl groups on the modified polymer. 

3 1 . The method of claim 1 8, wherein the modified poly(maleic anhydride) 
polymer comprises a poly(maleic anhydride) polymer comprising covalently attached 
polyamide groups. 

32. The method of claim 31, wherein the polyamide groups are nylon groups. 
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33. The method of claim 32, wherein the material is cotton or wool, and wherein 
the attachment of the multifunctional polymer enhances the abrasion resistance of the 
material. 

34. The method of claim 1 8, wherein the modified poly(maleic anhydride) 
polymer comprises a poly(maleic anhydride) polymer comprising covalently attached 
polysaccharide groups. 

35. The method of claim 34, wherein the polysaccharide groups are dextran, 
starch or cellulose groups. 

36. The method of claim 35, wherein the material is wool or nylon. 

37. A method of modifying a textile material, the method comprising attaching 
an upper critical solution temperature polymer to the material. 

38. The method of claim 37, wherein the method comprises attaching the 
polymer to the material noncovalently via noncovalent interactions between the polymer 
and the material. 

39. The method of claim 37, wherein polymer comprises reactive groups, and 
wherein method comprises attaching the polymer to the material covalently by reaction of 
reactive groups on the polymer with reactive groups on the material. 

40. The method of claim 37, wherein the polymer is selected from the group 
consisting of polyethylene oxide), alkylpoly(ethylene oxide), polypropylene oxide), 
polyvinyl methyl ether), hydroxypropyl acrylate, hydroxypropyl methylcellulose, 
hydroxypropyl cellulose, hydroxyethyl cellulose, methylcellulose, poly (vinyl alcohol), 
poly (N-substituted acrylamides), poly (N-acryloyl pyrrolidine), poly (N-acryloyl 
piperidine), poly (acryloyl-L-amino acid esters), poly(ethyl oxazoline), poly (methacrylic 
acid), and copolymers and triblock polymers thereof. 

41 . The method of claim 37, wherein the material comprises cotton or wool. 

42. A material produced by the method of claim 1 . 

43. A material produced by the method of claim 1 8. 

44. A material produced by the method of claim 36. 

45. A material produced by the method of claim 37. 
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46. A modified cellulosic or polyamide material comprising a cellulosic or 
polyamide material having covalently bonded thereto a multifunctional molecule 
comprising hydrophobic groups and hydrophilic groups. 

47. The modified material of claim 46, wherein the multifunctional polymer is 
formed by polymerization of hydrophobic monomers and hydrophilic monomers. 

48. The modified material of claim 47, wherein hydrophobic monomers are 
selected from the group consisting of N-(ter/-butyI)acrylamide, n-decyl acrylamide, n-decyl 
methacrylate, N-dodecylmethacrylamide, 2-ethylhexyl acrylate, 1 -hexadecyl methacrylate, 
n-myristyl acrylate, N-(n-octadecyl) acrylamide, n-octadecyltriethoxysilane, N-tert- 
octylacrylate, stearyl acrylate, stearyl methacrylate, vinyl laurate, vinyl stearate, 
fluoroacrylates, and fluorostyrenes; and 

wherein the hydrophilic monomers are selected from the group consisting of 
hydrophilic monomers, acrylamide, acrylic acid, N- 

acryloyltris(hydroxymethyl)methylamine, bisacrylamidoacetic acid, glycerol 
mono(meth)acrylate, 4-hydroxybutyl methacrylate, 2-hydroxyethyl acrylate, 2- 
hydroxyethyl methacrylate (glycol methacrylate), N-(2-hydroxypropyl)methacrylamide, N- 
methacryloyltris(hydroxymethyl)methylamine, N-methylmethacrylamide, poly(ethylene 
glycol) (n) monomethacrylate, polyethylene glycol) (n) monomethyl ether 
monomethacrylate, 2-sulfoethyl methacrylate, 1,1,1-trimethylolpropane monoallyl ether, 
N-vinyl-2-pyrrolidone (l-vinyl-2-pyrrolidinone), and 2-hydroxyethylmethacrylate. 

49. The modified material of claim 46, wherein the multifunctional polymer is a 
polysaccharide modified by the covalent attachment of a molecule comprising hydrophobic 
groups. 

50. The modified material of claim 46, wherein the multifunctional polymer 
comprises a poly(amino acid) modified by the covalent attachment of a molecule 
comprising hydrophobic groups. 

5 1 . The modified material of claim 46, wherein the multifunctional molecule 
comprises a poly(maleic anhydride) polymer comprising covalently attached hydrophilic or 
hydrophobic groups. 
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on the material. The methods and compounds disclosed herein may be used to modify materials to improve properties such as resistance, 
grease repellency, soil resistance, permanent press properties, and quickness of drying. 
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